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ABSTRACT 



23/126 



A|»x>ces$ for fveparing a polymeric fonn of ferric sul|^ate 
wherein an acidic aqueous solution including fenous sul- 
phate is oxidized to form fenic sulphate in the solution in an 
oxidation stage at ambient pressure and in the absence of 
oxidation catalyst using at least one oxidizing agent The 
feme sulphate is subsequently at least paitiaUy hydrolyzed 
by addition to the solution of at least one base. The feme 
su^)hate is kept in contact with the base at the tenq)eratuie 
selected for a time sufiScient for polymerization of the at 
least partially hydrolyzed fenic sulphate. The polyfenic 
sulphate (PFS) obtained by embodiments of such a process 
can be used as a coagulant or flocculant in water treatments 
for decolorizing, purifying or reducing pollutants widi 
improved performance compared to oonventionai fenic sul- 
phate and aluminium sulphate treatments. 

20 Claims, No Drawfaigs 
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PREPARATION AND USES OF POLYFERRIC concentration, perbaps of the order 30 volumes, it may even 

SULPHATE be possible to effect the oxidation stage at ambient 

temperatures, for exaiiq>le at a temperature in the range of 

Chemical coagulants f<ff drinking water, to purify and/or 15'* to 25^ C. Oxidation tenqwaturcs when using hydrogen 
decdourise municipal water supplies for human consump- 5 peroxide may be 70^ C. or lower, such as 60** C. or lower 
tion are known and include iron and aluminium-based preferably no hi^er than 50"* C 
inorganic coagulants. Oxidation temperatures when using nitric acid as the 

Polyf cnic suljAate. PFS, is one known form of coagulant oxidising agent may be 110* C or lower, such as 90'* C. or 
which has also been used to treat municipal and industrial lower, preferably no hi^er than 70** C (which temperature 
waste waters to help remove, by floccuMon, suspended lO may be possible when using tiie very concentrated, fuming 
ofganic waste matter. There is cunendy considerable interest nitric add having a strength of at least 90%). 
in the more widespread application of PFS as coagulants. The oxidation time for a prcfeired one-step oxidation 
Because cf its relative efficiency, PFS may need less chemi- stage may be up to 3 hours, for example up to 2 hours, more 
caladditiwi, ft can have a greater rcnioval capacity and may prcferab^ 1.75 to 1 hours. The oxidation time, as with the 
reduce the volumes of waste concentrates that require dis- 15 oxidation temperature, may depend iqwn the nature and 
posal or further treatments. strength of the (Nudising agent used and the molar ratio of 

FFS is a known chemical and there are several patents oxidant:iron [Fe^]. 
describing mctfiods for its preparation. It is preferred to cany out the oxidation such that there 

The present invention is concerned with methods for is a near-complete oxidation of fenrous [Fe T ions to ferric 
prq>aring polymeric fmas of ferric sulphate, of which PFS 20 [Fe^] ions. In consequence it is pref eraWe fa: the concen- 
is an exanq>le. tration of ferrous ions in the solution after the oxidation step 

EssentiaUy! the chemical can be piqwred according to to be less than 2.5% (Fe^/Fc^, more preferably less tlun 
this invention oxidising ferrous sulphate to ferric 1.25% (F^*/Fe^, most preferably less than 0.25% (Fe / 
sulphate, and then carrying out a controlled* partial hydroly- Fe^. 

sis of the ferric sulphate to produce a heterogenous mixture 25 The molar ratio of oxidantiferrous icms in die solution, 
of iron (m) hydrolysis spedes, IFe(OH) J<^>*', and poly- for die oxidation stage may depend upon economics and the 
nuclear complexes of iron (ID), (Ffe„(OH)J„^^^. The desire to iHing about Ihe aforementioned near-complete 
functions of ttiese spedes arc to provide bodi colldd charge oxidation of ferrous ions in aqueous solution, to ferric ions 
neutralization and polymer bridging between floe particles, in the same solution. The molar ratio may also be influenced 
leading in practice to a greater coagulating (and tticrefcre, 30 by die choice of oxidising agent and its rdative strength, die 
treatment) pcrfonDance. oxidation ten^>crature required ot otherwise sdected and fee 

Accordmg to diis invention ttierc is provided a process oxidation time necessary for diis near-complete oxidation, 
for prtpoing a polymeric form of ferric sulphate wherein an For example, ^n using nitric acid as die oxidising 
addic aqueous solution comprising ferrous sulphate is oxi- agent at say 90** C, at a concentration of 70%, the prefened 
dised to form ferric su4)hate in said solution in an oxidation 35 mdar ratio of oxidant-ierrous ions present in die aqueous 
stage at ambient jxessure and in die absence of oxidation soluti<m is no higher than 2:1, more preferably no higher 
catalyst preferably using at least one oxidising agent from than 1J:1, most preferably about 1.13:1. 
die following: ozone, nitric add, peroxide, perchlOTatc and When using hydrogen peroxide as die oxidising agent at 

persulphate. 50** C. at a strengtfi of 30 vols, then die preferred molar 

said ferric sulphate subsequently being at least partially 40 ratio of oxidanl^cnous ions present in die aqueous solution 
faydrolysed by addition to said solution of at least one base, is no higher than 3:1 preferably no higher dian 2:1 most 
die ferric su^jhate being Iccpt in contact widi said base at die preferably about 1.81:1. These most preferred ratios have 
temperature selected for a time suffident for polymerisation been found to achieve a near-con^lete oxidation of forous 
of die at least partially hydrolysed fenic sulphate. ions to feoic ions, Le. <03 g [Fe^^ per Ifter after oxidation. 

The ferrous sulphate solution may be rendered addic by 45 when die oxid^on has been aUowcd to proceed for about 
addition of e.g. sulphuric add. This may usefully increase IVi hours. 

die level of su^hate ions in solution, widiout adding We have also used this concentrated form of hydrogen 
unwanted ionic spedes. The pH of tfie starting solution is peroxide (30 vols) in die oxidation stage, with a larger molar 
preferably less ttian 2.0, mcwe preferably in die range 0.8 to excess of oxidant:feErous ions, at lower temperatures, even 
15^ 50 at ambient temperatures of about 20^ C For example a 

Ftefcrably the oxidation stage is a one-stqi oxidation molar ratio of 2.9:1 oxidant:ferrous ions led to near- 
stage. Plefened oxidising agents indude peroxide and nitric complete oxidation even in the absence of oxidation catalyst 
add. It is possible to use slnrng concentrated or even fuming and at amtHlent (atmospheric) levels of i^ssure. Thus addi- 
mtric add. tional heat energy input for die oxidation may be avoided. 

Accordingly die concentration of die nitric add used in 55 In tfic secondary stage of at least partial hydrolysis, it is 
die oxidation stage is preferably at least 50% by volume* possible shnply to add one or more bases to die fdric 
more preferably at least 70% by vohime although nitric add su4>hate which has been fmned in aqueous sohition. The 
as concentrated as 90% by volume can be used. base can be strong or weak inoganic bases such as a 

It is also prefezTtd to use peroxide as an oxidising agent hydroxide or bicarbonate of an alkali metal. In particular 
and more preferably hydrogen peroxide. Tlie strengdi of die 60 sodium hydroxide or sodium bicarbonate can be used. The 
hydrogen per«»dde used, as widi die oj^on of nitric add hydrolysis stage can be likened to an 'aging* step during 
mentioned above, may be dictated by die economics of die which iron (ID) hydrolysis spedes, [Fe(OH)J^ ^ and 
cost of raw materials, oxidation tenoperature and oxidation polynudear conqdexes of iron (m), [Fe„(OH)J/^^)^ 
Ume. fonn as a polymeric form of fenic su^rfiate, o ften r eferred 

Thus a stronger oxidising agent will most likdy allow a 65 to in die technical field as pdyfenic su^ihate (FFS). 
shorter oxidation time and/or a lower oxidation reaction The hydrolysis stage is most iHefcrably carried out 
temperature. With hydrogen peroxide at very strong immediately after a one-stq) oxidation process, by simple 
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addition of base to die ferric ions which have been fonned were detected by the 1, 10-phenanthrene calorimetric 
in the addic, aqueous solution. It has not been found method The reaction tenqjcrature was then reduced to and 
necessary to remove or even otherwise purify die fenic kept at 50 (±0^) ^C. The sodium bicarbonate solution was 
sulphate fanned after the oxidation stage. added into the reaction solutions, and the addition rate was 

The amount ai base added is preferably sudi as to 5 controlled to allow that all NaHCO, solution was added 
provide an [OH]*:[Fe]^ molar ratio in the finished product wilhin a 30 minute period. Finally, the reaction solutions 
obtained by the process, the polymeric fonn of feiric were maintained at a temperature of 50 (±0.2) ''C. fot 
su^hate, cdf at least 0.1. preferably at least 0.2. more another 1.5 hour period of aging. The PFS solution is thus 
preferably 025-0.45:1.0. We have found that an actual ratio prepared and. after cooling to room temperature is ready fcr 
<tf 03:1 of [OHnDFej^inthe final product gives adesirable lo use. 

optimum in tenns of performance, costs and stability. IVopoties of the prq>ared PFS: 

The amount of iron in the final polymeric fonn of feiric [Fe(III)]=40 g/L. [Fe.(n)]^0.2 g/L. OH/Fe (molar ratio) 
su^ate produced by the method can be for example, up to ^3. pH=0.9-l. 1. Average dectrophoresis mobiliiy=6t0.2 
30 gi~' of iron, pref erablv up to 40 g.r^ of iron, even more cm/V s. Size distribution of the molecular species in the 

preferably up to 200 gX' of iron and most prefierabiy upto is PFS sohition are: 

350 g.l-^ of iron. low MW ^cies (<0.5K)=20,0% (by weight <rf Fe). 

Elevated temperature may be necessary for the medium MW species (0.5-lQK>:70.0% (by weight <rf 
hydrolysis^ymerisation to proceed to a satisfactory [OH] Fe), 

-:(Fel^ ratio, for exan^lc a ten^aturc of at least 30^ C, large MW species (>10K)=10.0% (by weteht of Fe). 
preferably at least 40^ C more prcferaWy 45^ Cor higher, 20 Stability: w / 

such as 50^ C. Moreover die ferric sulphate can be kept in The PFS solutions prepared by this mcAod are stable over 
contact wifii the base for a time sufiSdent to obtain die at least a 6 month stored period 
aforementioned ratios of hydroxylfenic ions in the final 

polymeric product Up to 3 hours may be needed at 50^ C» Example2 

preferably at least 2 hours. 23 The example described as follows is for the preparation of 

The polyfemc sul|^ate (FFS) (Stained is usually in die 500 mL solutions of FFS with a Fe(in) concentration of 40 
fonn of a liquid solution which may not require separation g/L. using hydrogen peroxide as an oxidant 
or purification prior to use. 

In use die pdymeric form of ferric su^)hate obtained, 
hereinafter also refened to fcx convenience as "polyfemc 30 
su4)hate* and abbreviated as FFS can be used as a coagulant 
or flooculant to hdp purify and/cv deodourise water f<x 
drinking water supplies and/or to reduce poUutants be they 
organic or inorganic, nitrogen- or pho^honis-oontaining 
sudi pollutants in municipal and/or industrial wastewaters. 35 

The FFS obtained by processes according to the inven- 
tion can be more economical in manufacture and/or confer I^qMuadoo procedure: 

better pexfomance than FFS obtained by other commer- fenrous sulphate, sulphuric add and the water in the 

dally established procedures. prescribed amounts were added to die one liter reactor, and 

40 the reaction teii]q)erBture was controlled by an dectromande. 
EXAMPLES 1 AND 2— 4PREPARAnON Both die reactor and die electromantle were die same as used 

in the Exanq>le 1. The teiiq)erature of the mixed solutions 
* was then raised to 40 (±0.2) *^C. accompanied by vigorous 

The example described as follows is for the preparation oi stimng. H2O2 was added to die reaction s(dutions gently. 
500mLsolutionsQf FFS witti a Fe(in) concentration of 40 45 ^ addition of die hydrogen peroxide, die reactk>n 
gO^ using nitric add as an oxidant temperature was raised to and at 50 (±0.2) X.. and die 

oxidation process continued, until more than 99% of fesrous 
iron has been oxidized to fenic iron (after q^proximatdy 1.5 
to 2.0 hours). The residual concentrations of ferrous iron 
30 were detected by the same method as described in the 
Exan^e 1. The reaction temperature was kqyt at 50 (±02) 
^C. to carry out the aging process. The sodium bicarbonate 
solution was added into the reaction sdudons, and the 
addition rate was controlled to allow that all NaHCX)) 
55 sohidoo was added widiin a 30 minute period. Finally, die 
Rrcparation procedure: reaction solutions were maintained at a tenqperature of 50 

The forous sulphate, sulphuric add and the water in the (^•2) ^'C for another 1.5 hour period of aging. The FFS 
prescribed amounts were added to a one liter reactor with a solution is dius prqiared and. after cooling to room 
speed controlled mixer. The reaction temperature was con- temperature, is ready for use. 
trolled by an dectromantle. Then, the teiiq)erature of the 60 P^opaties of the prepared FFS: 

mixed solutions was raised to 60 (±02) ''C. accon^Muiied by [Fe(m)]=40 g/L, [Fe(II)]S0.2 g/L. OH/Fe (molar ratio) 
vigorous stirring. Nitric add was added to die mixed solu- =^-3, pH=:1.0-l.l, Average dectrophoresis mobility^=6±0.2 
tions gendy. Aftv the addition ci the nitric add, die reaction cm/V s. Size distribution of the molecular spedes in die 
temperature was raised to and kept at 90 (±0 J) widi solutions are: 

continuing vigorous stirring, until more dian 99% of ferrous 65 low MW spedes (<0.5Kp19.5% (by weight of Fe). 
iron has been oxidized to feiric iron (aftCT q>praximately 13 medium MW spedes (0.5-10K)=69.0% (by wdglit of 
to 2.0 hours). The residual concentrations of ferrous iron Fe), 



ftMcriptioP! 


l.FeSO4.7Hap(100%) 


100 a 


2. KzSO* (96%) 


8.2 niL 


3. HA (30%) 


20j0 mL 






5.NaHCO,(05N) 


214.0 nd. 





l.FeSO4.7H30(100%) 


lOOg 


2. H2SO4 (98%) 


8.2 Id. 


3. HND, (70%) 


18i)mL 




214JmL 


5. NftHCOj (0.5N) 


214.0 mL 
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higher MW species (>10K>sll.5% (by weight of Fc). residual coocentration of 0.25 mg/L after a contact time 

Stability: of 8.0 min. A sq>arate set of san^les was analysed to 

The FFS solutions prepared by this method are stable over Identify the kinds of algal species and to measuce the total 

at least a 6 naonth stored period. algal ooncentrations before and after treatment 

Examples 3 to 8 ^ Table 1 presents example 3 using FFS and other com- 

PFS solutions prepaied by the methods described in the P^^^^y^, 5t^'?^^ L^^P^f"; ^f^'^''^^ 

Examples 1 and 2 have been used as a coagulant for the f^^f ^ ^^^^""^ l*?^,.^ 

^nt of algal-laden and upland coloured sK:e water. f?^^ J^'^ r? ' """^ f IT 

in laboratory test and pilot-plant scale experiments. For the lo f if JL' ^2 ^'l' * given dose ofO.2 mM as Ft^AL 

laboratory jar test experiments, a six-beSter jar test appa- ^J^^ «>^o° pcrfonnancc of PFS m 

ratus was used with each beaker containing citto 300 Xrf Jf?*^' P^* ^' "^"^^ '"P^" ^ 

real or model algal waters , or 500 mL of shmilated coloured conventoonal coagulants, 

waters. The fast mixing time was 3 min at a paddle speed of TMc 2 summarises results with FFS (Example 4). FS and 

300 ipm. the flocculation period was 25 min at a paddle is ^ (^'^ comparative) for the treatment of coloured waters 

speed of 35 ipnu and the sedimentation period was 1 hour. 4** C. It can be seen froml^ble 2. that under the 

Supernatant samples after settling were withdrawn for optimum coagulation conditions at 18** C ^e removal 

analysis of algal cells, turbidity, UV absorbance, DOC, efficiency achieved by the three coagulants was close, 

colour, residuals of Fe, Mn and Al. The coagulation pH However, the required PFS dose was the lowest (0.107 mM 

required was adiieved by {sior addition of either HQ or 20 ^ compared to FS (0.143 mM as Fe), and AS (0.185 

NaOH. and the solution pH was checked during the mixing as Al), to achieve similar removal percentages. In 

and flocculation periods. To evaluate the coagulation per- addition, as shown in Table 2. the coagulation performance 

foimance at lower water temperatures (4^ C), a special PFS did not appear to be influenced significantly by low 

constanttemperaturebath was used with the jar test beakers. water temperatures. For AS and FS. however, low water 

The low temperature of 4^ C. (i0.2) was maintained 2s ^^'^^pci'^c appeared to have an adverse effect on the 

tiirottghout the whole coagulation process and the one hour removals of UV-Abs and DOC; but die removals oi colour 

settling period. were slightly reduced. Residual concmtrations of FS and AS 

Pilot-plant experiments w«e undertaken which com- were slightly increased at low water temperatures, 

prised the processes of pre-ozonation. coagulation. Tables 3A and 3B show results from the pOot-plant 

flocculation, dissolved-air flotation (DAF), sand filtration, 30 experimentsconcemingtheraw water qualities and removal 

intermediate ozonation and either GAC w BAC. In the test efficiencies by DAF (Tabic 3 A) and by DAF and sand filters 

period erf about four weeks, the pilot plant was operated (TMe 3B). PFS (Examples 5 to 8) diq)layed a much greater 

under the conditions of with and without application of treatment performance in removing algae, turbidity, colour, 

ozone, widi coagulants of cither PFS or ferric suJf^e (FS) TOC and UV-absort)anoe (254 nm). The removal pacent- 

for three doses (13,5 mg/L as Fe), and at a constant pH of 3S ages achieved by PFS at a dose of 3 mg/L were eidier similar 

7.5 Raw water flow rate was 2 m'Ar. The pre-ozone dose or even superior to those achieved by FS at 5 mg/L, 

and the contact time were 1.0 mg/L and 7.0 min, rcspec- indicatii^ that coagulant dosing costs way be reduced for 

tively ; and flie intermediate ozone dose was set to achieve a the sanoe treated water quality. 



TABLE 1 



of the trertment pafxamce of ITS, FS ind AS at 18* C . CA]gil model wtMis) 

Ibid TMid- UV-Alii Vtf-Ate 

oeU DOC ity (254imi) (420nm) Oolbid 

mmval lemoval lemovBl remDval removal (floe) 

% % % % % charge* 



Co^gnknte X* X Y X Y X 



Esampk 3fFS 9686 61 45 88 79 S048 5448 6520 

FS 80 61 33 24 69 60 40 36J 45 363 28 -8 

AS 90 10 52 32 84 72 45 40 54 40 30 0 

*Itae imit is (meqL*^ ICT*). 

CoQgulant doae fix X and Y is 0^ mM 8s Al^ or R^. 

*X - The water quality d w acteriatici <rf ArtBriondh model watefK Tbtal ceM ccnc. = 4^ . io« 
cells mL-^ IXX: == 2J ppm, UV.Abi(254 mn) » 9^ m-^, pH a 8.3, Tbr^^ 
chaige = -92 meq L"" KT*. 

^ - Tbt waler quality chancteristics of synthetic algal waters (AsterioneUa ^modeP water + 2 
mg/L bumie substances): Ibtal cell oone. » 5j0 * 10* cella mL^, DOC « 4.8 ppm, UV>Ab8(2S4 
mn)s210m-^,pH«7S2,lMidity = 4Jimj,CGUoidcfaaiy = -U5mBqL-> l(r*. 
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TABLE 2 



Cjomtmnatm of Ifae treatment 0 


«fhmttnceofPFS.FSaiidASM 18»C.and4» C. fColouwjd wateral 




Dose* 
(mMas 

ft or Al) pH» 


Cokw UV-Abs DOC 


ResiduaiFe ResidualAl 
^&38&^ 


Coagulant 


IS'C. 4«C. IS'C. 4'C. 18«C. 4»C. 


18- C. 4«C. 18»C. 4»C. 


Exaii]pfe4 FFS 
FS 

AS 

Raw water 


0.107 4 
0.143 4 
0.185 5 
— 8.1 


92.0 91.3 83.2 82.2 803 78.8 

91.1 89.5 84.8 80.5 80.2 76.7 
9X0 91.4 8X5 75.7 754 68.2 

5.82 m"* 38.8 m'* 8.2 rngfL 


0.09 OJ098 
0.165 0.180 

0.064 0.074 
0.QS mgfL 0.14 xag/L 


*Tbe ooogubtioa pH and ocstgulant dosages wen sdeeled m lems of the optimal pH and mmam 
cobw icnwvaL >80% UV femoval and >75% DOC ramoval at 18* C . 


on doK rwiH'"M to adiieve "^90^ 
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TABLE 3 A 



Compariaon of ooa^atioa efficiency of fVS and FS 
m flie wiot-ohnt camcrimenta fbv DAF.^ 



UV Colour 

(254x111) IOC (400201) IWdity 

fm-*^ f^"^ to-h (PTO 

Rumoog R«w • Raw Raw Raw 

water K% water R. % water R. % water R.% 



PS,3ii«fl-,i»Q, llJO 13,64 6.17 10.8 1X0 36.67 X5 48X) 

BsanskS FFS, 3 mg^ no O3 113 26.10 6.38 21j0 13.3 5143 2.6 67.5 

PS, Sn^noO, 1X0 20.83 6.18 17.40 114 40.0 2.6 41.6 

E3iaiX9fe6 PFS» 5 mg/L, no O, 1X5 28,0 5J4 2X6 1X54 48.68 2J 62.5 



•R. % = Peroeot«ge lemovaL 



TABLE 3B 



Gampariaon of oo^gulalioo efficiency of IPS and FS 
in ihe ritot-oto merimente. fl» DAP and saM fiHew.^ 




FS,3mg/L,»0, 11 JO 18.18 6.17 21S0 1X0 39.83 2.5 64^ 79300 89.86 

Exan9to7 PFS.3m^noO, lU 30.43 6.38 24.76 13.3 53.23 2.6 73i) 249200 96.28 

FS» 5 mg/L, no O, 12.0 25.0 6.18 21.20 114 50jO X6 61J 80000 5457 

»8 E>FS.5mga^aoOj 1X5 36.0 5.54 26.68 1X54 55.82 25 69.2 208322 7034 



We claim: , ^ 

1. A process for prepanng a polymeric fonn of feme 
suli^ate, said process comprising ttie steps of: (0 OKidising 
an acidic aqueous solution ccHnprising, fenous suJ^ihate to 
foim fenic sulfdiate in said solution at atmoqiheric pressure 
and in the absence of an oxidation catalyst, said oxidation 55 
stq) using at least one oxidising agent, (ii) partially hydro- 
lyzing the feme sulphate solution obtained after said oxi- 
dation step by addition of at least one base, and (iii) aging 
the partially hydrolysed fenic sulphate solution obtained 
from said partial hydrolisis step at a temperature above 30*^ 60 
C. sufficient for polymerisation 6i the partially hydrolysed 
feoic sulphate to a polymeric fcm of fieiric sulf^. 

2. The process of daim 1 wherein greater tfun 99% of the 
ferrous ions in solution are oxidised to fnric ions prior to 
carrying out the partial hydrolysis step. 65 

3. The process of claim 1 wherein tiie oxidation step is 
ooinpletBd in a time less than or equal to 3 hours. 



4. The process of claim 3 wherein the oxidation step is 
completed in a time less than or equal to 2 hours. 

5. Tlie process of daim 4 wherein said oxidation step is 
completed in a time less than or equal to 1.75 hours. 

6. The process of daim 1 wherein the partial hydrolysis 
step is co]iq>leted in a time less than or equal to 3 hours. 

7. The process of daim 1 wherein the partial hydrolysis 
step is earned out at a temperature less tiian or equal to 50° 

S. The process €i claim 1 wherein tiie molar ratio of 
[OHr to [Fe^] in the polymeric form of fetric stilphate is 
at least 0.1:1.0. 

9. The process of claim 8 whereitt the ratio is at least 
0.2:1.0. 

1#. The process of claim 1 wherein tiie oxidising agent is 
sdected from the groiq> consisting of ozone, nitric add, 
peroxide, perdilorate and persulphate. 

U. The process of daim It wherein the oxidising agent 
further con^sises hydrogen peroxide. 
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12. The i^ocess of daim 1 wherein the addic aqueous 
sc^utton present prior to canying out the oxidation step 
ftnther oonqifises sulphuric acid. 

13. The process of claim 1 wherein the pH of the addic 
aqueous solution present prior to canying out the oxidation 
stq> is less than 2.0. 

14. The process of claim 13 wherein the pH is from 0.8 
to 1.5. 

15. The i^ocess of claim 1 wherein the oxidation step is 
earned out at a temperature less dian or equal to 110** C. 
when nitric acid is used as the oxidizing agent 

16. The process of claim 1 wherein the oxidation step is 
canried out at a temperature from 15*" C to 50^ C. 

17. The process of claim 1 wherein the base is sdccted 
from the group consisting of a hydroxide of an alkali metal 
and a bicarbonate of an allcali metal 

IS. The process of daim 1 wherein iron (m) hydrolysis 
spedes lFe(OH)x]^^^ and pdynudear complexes of iron 
(m) [Fe^^)(OH)J„^^'^^ form as the polymeric f<»m of 
fenic sulphate during the partial hydrolysis stq>. 



19. The i»ocess of claim 1 wherdn the partial hydrolysis 
step is carried out immediatdy after the oxidation step 
witiiout removal or purification of the f enic sulphate formed 
after the oxidation step. 

5 20. A method of treating water* said method conqirising 
the step of: adding a polymeric form of ferric sulphate to 
said water, said polymeric ferric sulphate produced from a 
process conqnising the steps of (i) oxidising an addic 
aqueous solution comprising ferrous sulphate to form feme 

10 sulphate in said solution at atmospheric pressure and in die 
absence <^ an oxidation catalyst, said oxidation step using at 
least one oxidising agent, (ii) partially hydrolyzing the ferric 
sulphate solution obtained after said oxidation step by 
addition ci at least one base, and (iii) aging the paitially 

13 hydrolysed fenic sulphate solution obtained from said par- 
tial hydrolisis step at tenq)erature above 30^ C. sufficient for 
polymerisation of the partially hyroly sed feme sulphate to a 
polymeric fcxm ferric sulphate. 



